reluctantly abandoned this experimental line of treatment.
The research work carried out both at Rochester Row and, later, at Woolwich by Majors Frost and Dimond had brought to light a great many facts concerning the morphology of the gonococcus, on which the elaboration of the method now under trial at Woolwich was essentially based.
The most serious disadvantage of kataphoresis was that it required a fairly complicated apparatus in a central clinic with technical supervision. The provision of all these essentials would have been justifiable and a large clinic might have been established in which all gonorrhcea cases could have received efficient kataphoresis under perfect conditions, if a rapid sterilization of the urethra could have been guaranteed. However, we did not obtain results of such a standard and this induced us to explore for other methods of attacking the gonococcus.
Any successful line of treatment for gonorrhoea must essentially be simple in application. No method is likely to be employed universally if its application is complicated.
Another essential factor in the treatment is the avoidance of bactericidal local applications to the urethra in the acute stages of the disease, with the object of destroying the gonococcus in situ. This statement implies no reflection on prophylactic and abortive methods of treatment, both of which, when employed at the "psychological moment," are highly successful in the prevention and cure of the disease. As Harrison says: "While the gonococcus is still in the navicular fossa, it is in your hands; but when it has penetrated beyond the neck of this fossa, you are in the hands of the gonococcus." Each of these methods has a definite place in the control and treatment of gonorrhcea, but when once the gonococcus has established itself in the mucous membrane of the urethra, it is beyond the reach of bactericidal local applications. The treatment of gonorrhoea is one of the oldest problems of medicine, and every known drug, in every shape and form, has at one time or another been introduced into the urethra in the hope of effecting a cure, but never with unqualified success. Within recent years new organic preparations, generally containing a silver salt as a basis, have gained a considerable reputation; but we have never been able to substantiate the optimistic claims made for them in a case of developed gonococcal urethritis. The administration of drugs by mouth or parenterally has also met with little sucoess. This does not deprecate the use of many drugs which are of proved value as adjuvants of treatment, especially in the remoter effects of gonorrhoeal infections.
In carrying out the treatment I am about to describe, we have endeavoured to eliminate all direct assaults on the gonococcus by antiseptics and to elaborate some kind of vaccine therapy in the hope of raising the local and general immunity by the reaction of the body against the invading organism.
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Vaccines, have not been universally successful in the treatment of gonorrhoea. Their use is always advocated by authorities, but it is doubtful whether the practitioner treating the case has much faith in their utility. At all events no great enthusiasm is evinced as regards their employment.
In the acute stage of an attack of gonorrhoea, the body response in the manufacture of antibody is small and one attack of gonorrhoea confers very slight immunity against a subsequent attack. The gonococcus itself is highly toxic and vaccines consisting of a suspension of the dead bodies of the organism can only be given in minute doses, probably quite incapable of stimulating the immunity mechanism. If given in larger doses they are toxic and their immediate and remote effects are harmful.
It is for this reason that gonococcal vaccines have yielded poor results and that there have been so many attempts to produce a non-toxic or detoxicated vaccine.
Before attempting to describe our methods of vaccine production at Woolwich I will indicate certain general principles of treatment which we consider to be important:
(1) Irrigation.-The value of urethral irrigations in general is always a contentious point, and a further contentious point is whether such irrigations should be anterior or posterior.
We have given all combinations of this method an extensive trial, and we are quite convinced that cases do much better when irrigation is carried out and when the posterior irrigation method is employed from the very beginning. Our only object in emplo.ing irrigation is to effect thorouglh urethral drainage. The solution used is potassium permanganate, 1 in 20,000. In this strength its bactericidal effect is probably at a minimum, it is non-irritating to the acutely inflamed urethral mucous membrane, and its astringent action is slight.
We expend much time and care in educating the patients in acute cases to irrigate efficiently, but the better results always justify the trouble involved.
(2) The Reaction of the Urine.-From the earliest days the administration of an alkaline mixture by the mouth has given good clinical results. When the method of kataphoresis was on trial the reaction of the urethra was of paramount importance, for purely physical reasons. To obtain this optimum alkaline reaction, large doses of alkalies were given by the mouth. Cases receiving these large doses of an alkali made, comparatively, very good progress, and this fact induced Major Dimond to investigate the precise significance of reaction, both as to the morphology of the gonococcus, and as to the behaviour of the tissues.
It was found that a urine reaction of pH 7 2 to 7 4 was an optimum one for the tissues in resisting the infection and at the same time was an unfavourable reaction for gonococcal development. This effect is shown in further detail in the charts.
Many alkalies were tried in order to produce this optimum reaction, and the alkaline so(lium phosphate has been found to be the most suitable drug for this purpose. The dose must be comparatively large; our routine practice is to give 240 gr. four times a day-a total of nearly 1,000 gr. daily.
The effect on the urine reaction is controlled by daily urine titration. As merely an approximate figure is necessary, this titration need only be a rough and practical one.
The great difficulty is to maintain the reaction of the urine on the alkaline side of neutrality and to avoid a sustained acid reaction which would be of great advantage to the gonococcus.
VACCINE THERAPY.
Two terms will recur frequently in the ensuing description of our methods of vaccine manufacture:-(a) Endotoxin, that is, a substance produced by autolysis of the gQnococcus.
The gonococcus is easily autolysed; for example, it autolyses during culture and by contact with most ordinary diluents such as normal saline solutions, distilled water, etc. We consider this endotoxin to be the toxic and provocative element of the germ.
If applied locally to ani acute gonococcal focus it causes an exacerbation of symptoms; if the focus be a latent one the application of endotoxin produces an active process and if endotoxin be injected parenterally the effect is a severe focal and general reaction with the development of what is generally known as. a "negative phase."
All vaccines composed of the dead bodies of the gonococcus suspanded in phenol saline-the commonly employed diluent-must of necessity contain a high percentage of endotoxin. This is probably why vaccines prepared in this way are so uncertain in their action and, in large doses, are toxic.
(b) Exotoxin.-By this term we mean some product of gonococcal metabolism which can be prepared and isolated from the body of the gonococcus without producing autolysis of the cytoplasm. This is the fundamental feature of the vaccine we have been endeavouring to exploit.
It is not claimed that this name " exotoxin " is scientifically exact, or that this product is a true " exo " or " ecto " toxin. The suffix " toxin " is perhaps also open to criticism. The name may be unfortunate and ambiguous; however, the essential point is that when correctly prepared, this exotoxin is non-toxic and non-provocative and is in fact the exact opposite, in its local and remote effects, to endotoxin.
As " endotoxin" was the original substance which we produced and with which we experimented, we will first describe our experiences with it, so as to preserve the chronological order of events. By suitable cultural methods the gonococcus may be induced to elaborate a maximum amount of its toxic products and derivatives. When such culture growths are washed off and further means are taken to complete the autolysis of the gonococcal cytoplasm, a fluid is obtained which contains all the toxic and provocative elements of gonococcal metabolism.
When the method of kataphoresis was on trial we employed these endotoxic products, in combination with the silver colloid, in an attempt to combine a biological and a chemical sterilization of the urethra. Also, on the assumption that endotoxin being a specific irritant, its early local administration in gonorrhoea might, on theoretical grounds, induce a specific tissue response, it was our custom to inject it locally into the urethra during the acute stages of the disease. The results as a rule were not good. Too much irritation arid provocation occurred in the average acute case and there was the production of a " negative phase." However, some cases did well and these were almost invariably subacute and chronic cases. In such types the specific provocative effect of endotoxin seemed to give the necessary fillip to the tissues, promoting so beneficial a reaction that the cases went on to a cure.
As a result of these observations we still employ endotoxin in suitable doses in such " hang-fire " cases as appear to require this type of stimulation. The deduction is that, although endotoxin is highly toxic, it has very useful antigenic properties when employed at the proper time and in suitable cases.
It is, however, as a "test of cure" that endotoxin has been of great practical use. It has had an exhaustive trial in this respect and is certainly the most efficient provocative of latent gonorrhoea available.
It has played havoc with our statistics at Woolwich-and there are many of us who have deplored its elaboration before that of the non-provocative element " exotoxin." Our statistics as measured in " days in hospital" under our exotoxin methods would have been very flattering had there been no endotoxin available to put our methods to the test. It is hardly too much to say that any case which survives the " endotoxin " test of cure is very unlikely to relapse.
When employed as a test of cure it is made up in a strength of 250 millions per c.c., the dose being 1 c.c. injected into the urethra. As a nethod of treatment in the suitable cases referred to above, we employ it in a strength of 50 millions per cubic centimetre. As a method of treatment in certain cases and as a test of cure endotoxin was an advance, but as its employment was a failure in the acute stages of the disease it was necessary to find some other product if vaccine therapy was to be successful.
Major Dimond initiated a research with the object of producing and elaborating a non-toxic but antigenic product of gonococcal metabolism. It is well known that germ nucleo-proteins are in some way responsible for either the actual antigen or contain the antigenic complexes. This has been proved in the case of many germs and seemed likely to be true also in that of the gonococcus as the result of experiments carried out in Rochester Row. Mice, when protected by extracted gonococcal nucleo-proteins, survived lethal doses of gonococcal toxin.
After many experiments, the details of which would be wearisome, it was found that when gonococci were grown on media containing animal nucleo-protein they produced metachromatic staining bodies histologically identical with the polar-bodies seen in B. diphtherii. By suitably adjusting the media-and, particularly, its reaction, it was possible to produce 100 per cent. polar body (Babes body) formation in about one-third of the strains of gonococcal isolated. These polar bodies were only very loosely attached to the bodies of the gonococci, and could be separated from them. Unfortunately, in washing off the gonococci, plus their polar bodies, from the culture-the gonococci were autolysed by the fluids commonly used for this purpose and thus the toxic element endotoxin was introduced. To avoid this autolysis of the gonococci, 2 per cent. saline solution must be employed for washing purposes; this solution preserves the gonococci intact for a sufficient length of time to enable the polar bodies to be separated; the gonococci, being heavier, fall to the bottom. The 2 per cent. saline solution, however, splits up the polar bodies into their two constituents, viz.: alpha-nucleo-protein and beta-nucleo-histone. The alpha-nucleo-protein is precipitated by 2 per cent. saline, and the beta-nucleo-histone goes into solution. Both these constituents are antigenic, the beta-nucleo-histone more so than the alpha-nucleo-protein.
When polar-body-producing gonococcal cultures are thus washed off by 2 per cent. saline and the wash allowed to stand for three or four days, it appears to have separated into three distinct layers. The buff-coloured mass of gonococal bodies seen at the bottom-then there is an intermediate white powdery layer of alpha-nucleoprotein and above that a clear supernatant fluid layer containing the beta-nucleohistone in solution. It is this solution of beta-nucleo-histone which we employ as our vaccine under the name of " exotoxin."
METHOD OF EMPLOYMENT.
We administer this exotoxic vaccine by three routes, viz :-Intra-urethrally, intradermally and intramuscularly.
For the intra-urethral administration the product of 30,000 to 100,000 million gonococci is made up to 20 c.c. bulk with umbilical cord mucin and 5 per cent. taurocholate of soda. The whole is instilled into the urethra which has previously been irrigated. The addition of the sodium taurocholate is so to alter the surface tension as to induce better absorption locally.
9
This instillation is retained as long as possible. It is non-irritating and can be repeated as often as desired without risk of provocation. In practice we employ it whenever urethral " smears " show gonococci to be present. This route is employed in an attempt to stimulate a local immunizing process.
For parenteral administration this exotoxic vaccine is standardized so that 1 c.c. contains the product of 1,000 million gonococci.
Intradermal injections are made into the skin of the shaft of the penis-not more frequently than once a week. This route and site are chosen in an attempt to stimulate the local reticulo-endothelial system which is responsible for immune body production. The dose, which is not increased at subsequent injections, is 200 millions in 0-2 c.c. This intradermal injection produces a local reaction with tenderness of the inguinal lymph glands.
The intramuscular injection of vaccine is given usually at the same time as the intradermal-and in the ordinary way the interval before a repetition or increase of dose is a week. This route is chosen in an attempt to raise the general immunity response of the body.
Treatment is begun at the earliest possible moment. SUMMARY. To sum up briefly, our methods consist of: (1) Thorough drainage of the urethra with the mildest possible irrigating fluids.
(2) The maintenance of what we consider to be the optimum hydrogen-ion concentration of the urine.
(3) An attempt to raise the local and general immunity response of the body by the introduction of the antigenic and noh-toxic elements of gonococcal metabolism (exotoxin).
(4) The employment of the toxic elements of the gonococcus (endotoxin) as a searching test of cure or in certain cases for therapeutic purposes.
DEDUCTIONS AND RESULTS.
There is an old dictum that only the first attack of gonorrhoea is incurable. On the other hand, there are cases not very infrequent that are apparently spontaneously cured. Between these extremes all varieties of severity are encountered.
One of the most difficult problems confronting any practitioner is the question of cure of gonorrhoea. So far as we in the Services are concerned, the proficiency of our treatment is jbdged by the average number of days our cases are ineffective in hospital.
Statistics are excellent things in their way, but all who have had experience in treating gonorrhaea know how misleading hospital statistics can be with reference to the cure of this disease. It is all a question of " standard of cure." At present we have to acknowledge that for the florid cases of gonorrhceal urethritis, there exists no "therapia sterilisans magna" comparable to the effect of the arseno-benzols in the instance of syphilis. On the other hand, it is unduly pessimistic to think that there have not been great advances made in the treatment of this malady. The results of present-day treatment compare very favourably with those obtained, as judged by the standards of cure, say, twenty years ago. The rarity to-day of such sequelsa as strictures, severe arthritis, prostatic abscess, etc., which were common enough, even in my recollection, is a sure proof that great advances have been made.
As regards our own experiences and results of treatment by these methods, I would rather confine myself to generalities. W \henever any new remedy is intro-D-Wa * 10 Lambkin: Recent Investigations in the Treatment of Gonorrhcea duced for the treatment of gonorrhcea, the results are at first very flattering, but, unfortunately, when exhaustive tests are applied, they are found not to be so favourable as was anticipated. In the present state of our knowledge I do not think that we can expect to effect dramatic cures in this disease-so that in judging the proficiency of any method of cure it is well not to lose a sense of proportion. All of us who have been associated in this experimental treatment of gonorrhcea feel that there has been a real advance. There have been failures and disappointments, but our general impression is that there is a more rapid amelioration in the acute stages, a decrease in the number of complications, and, what seems to be the most encouraging feature, far fewer relapses.
The exotoxic vaccine, when given intramuscularly, has had a marked beneficial effect on such resistant sequele as chronic prostatitis and severe arthritis. I would particularly emphasize the results obtained in this latter condition and can call to mind some particular cases in which most striking benefits have attended its administration.
I have referred to the "searching qualities" of endotoxin when employed as a test of cure. Our standard of cure has been very high and many interested critics of our methods have remarked how very excellent our results might have been as reckoned in " days in hospital," had the administration of the specific provocative endotoxin been withheld.
It is our impression that we have not exploited these methods of vaccine therapy to their limits of usefulness. The research was just beginning to become clinically applicable when progress was stopped by Major Dimond's serious illness, in consequence of wbich he has had to leave the Service.
We have proved to our satisfaction that endotoxin, the toxic element, must be eliminated from treatment in the acute stages, wlhatever may be its use later in the disease.
Up to date we are only employing the beta-nucleo-histone fraction of the polar bodies and, of necessity, may be discarding much valuable antigen in omitting the other component-that is, the alpha-nucleo-protein fraction-from the vaccine. We do so in order to eliminate a potential source of endotoxin, which may be of little consequence so long as our dosage is small, but would be detrimental when larger doses of vaccine had to be employed. I merely refer to this to indicate how incomplete is this researchl into the non-toxic products of the gonococcus. I have not the slightest doubt that it is capable of further development. When everything is " optimum" in the manufacturing department, the clinical results are excellent. On the other hand, poor clinical progress can immediately be traced to faulty technique in manufacture. This is a poor and rather discursive attempt to explain our methods at Woolwich and I am conscious of my many shortcomings. The impression I should like to leave on your minds as to the real and potential value of this line of treatment is:-(1) That it is an advance although not a dramatic one, and (2) that it is worth our while employing the best biochemical and bacteriological brains available in the Services, so that this work may be repeated and these ideas exploited to their limit. It is possible that such a line of research may lead nowhere, but as a clinician I believe vaccine-therapy along these lines to be full of potentialities.
Dicus8ion.-Admiral GASKELL (President) said that as apparently the Babes bodies had an important function in the cure, and as certain degrees of alkalinity of urine led to an optimum production of these bodies, he would suggest as an inexpensive experiment that a certain number of cases be treated with alkali, well diluted, however, so as to produce the correct alkalinity and correct dilution of urine. He did not think any extensive statistics existed as to this point. AWlas it true that all silver injectionis, organic or inorganic, tended to stricture formation ? Surgeoni CoImmianIder F. DUDLEY said that the scientific way in which the vaccine had bden applied and miade, and the restraint shown in the claims for it mnade one feel that there was a real advance in treatlment. The high standard of cure was also a great point in its favour. Major Lambkin had said that our treatment of gonorrhnaa had improved because the disease seemiied nmilder thani it used to be. Having seen and tried " cure " after " cure " for gonorrhcea, and discarded them, he (the speaker) could not agree that treatument had improved much. Even Colonel Harrison, in his latest book, still recomm-iielended potassium permanganate irrigations as the stanid-by for the general practitioner when dealilng with gonorrha.a. Yet that treatment was more than twenty years old. If gonorrhcea was milder than formerly, the reason might be something other than treatment; other common infections are getting less severe, even if not less common. Perhaps this phenomenon is due to the increased intermingling of the world's population, causing a general levelling of parasitic virulence. He suggested that the termi " polar bodies " should not be used to describe metachromatic granules in bacteria. By long established custom the term " polar bodies " was applied to products of the reduction division of the nuclei of certain sexual cells. Using a term to denote two separate biological processes led to confusion. Before reading up Major Dimond's interesting work he (the speaker) had just read that Professor Dixon had demonstrated a " polar body " in the human ovum, and he had momenitarily thought that someone had shown reduction of chromiiatiin in a dividing gonococcus, and thus two epoch-making discoveries had been allmiost simultaneous. The terin polar " staining," not polar " bodies," might, perhaps, be applied to a bacillus; but were there poles in a coccus ? and if so were the granules situated at the poles'? This point, however, was of academic rather than of practical importance.
Surgeon Commander A. C. SHAW/ said that in the Army, as it was the customn to treat most of the cases as out-patients and as the new treatment seemed to be essentially a hospital one, it would be necessary to show a definite and considerable reduction in the nlimber of days under treatmnient before the method could be universally used. This evidence could only be obtained by treating two parallel series of cases similarly in all respects (and with a similar standard of cure), except for the exotoxin treatment which only one series would receive. Our object was to lessen time lost to Services by the patient, and treatment on the present lines showed a more economical result by out-patient method. He (the speaker) approved of posterior irrigation with weak solutions from the first, but it should be carried out by a trained attendant only. Better results were obtained with fairly frequent changes of solution. Vaccine treatilent was the desirable one, but with present miiethods of preparation was unsatisfactory. There wvas new hope for it if the lecturer's method, after extended trial, bore out its early promise.
Major F. CARMINOW-DOBLE said that experiments in the treatment of gonorrhcea by kataphoresis mnade one feel that we were on the right lines, but that the technique was too complicated for use in clinics. Further, in acute cases it was found that the endotoxin (the only element then used) produced too much reaction and irritation, followed by the so-called " negative phase," but in chronic or latent cases the results were often good. The discovery of the exotoxin was a great advance and by its use kataphoresis with a silver colloid was rendered unnecessary. This exotoxin, the result of gonococcal mnetabolism, was non-toxicas proved by the enoruious doses that could be admninistered without any harmful effect-and was highly antigenic-as proved by the complement-fixation test.
The real secret consisted in using media of the right pH value and containing animDal nucleo-protein, which allowed for a high output of Babes bodies. Probably the " immunogen " of Horder and Ferry was simply alpha-nucleo-protein dissolved and washed off the bodies of organisms with normal saline. These organisms, not being grown on a particuilar media, contained a relatively small percentage of soluble nucleo-protein.
With regard to the reaction of the urine: the doses of alkalies mtientioned by Major Lambkin would no doubt startle many persons, but those who had met with the alkaline tolerance of seborrhoeics would understand his reasons. When the alkalies " got the upper hand " they acted in several ways.
The alkaline urine did not irritate the inflamed mucous membrane so much as an acid urine did, and endotoxin was liberated at a greater rate, due to the power of the alkalies in the tissues and urine to dissolve the covering of the gonococcus. Thus the tissues reacted more vigorously and Nature had a greater chance of curing the disease. The reason why violent exercise often brought on a discharge in a patient who had been regarded as cured was that the lungs had more chance to remove the excess of carbon dioxide.
Major CHARLES WHITE said that for the past nine months he had been treating cases of gonorrhoea at the Royal Herbert Hospital with the vaccines described by Major Lambkin, and, after due deliberation, he considered this treatment was a decided advance on our older methods. He had been pessimistic about " new treatments," as so many had been advocated in the past-which, on trial, had shown very little if any improvement in the results obtained -so that he was certainly not favourably prejudiced beforehand.
When beginning with this treatment, two clinical facts had impressed him: first, the rapid clearing up of acute clinical symptoms, and secondly, the favourable way in which metastatic complications responded to this exotoxin treatment. He would warn those who intended to try this exotoxin vaccine treatmeYt that if the vaccine was not prepared by an expert biochemist the results of treatment might be disappointing, and so bring the treatment into discredit.
Major E. C. LAMBKIN, in reply to the President, said that occasionally gonococci showing Babes bodies could be demonstrated in urethral smears. In such a case the reaction of the tissues was correct and the nucleo-protein necessary was derived from that normally present in the tissues. The production, however, would be very scanty and insufficient to produce much appreciable antigenic action. Silver nitrate preparations were most useful for prophylactic and abortive methods of treatment. In the developed urethritis it sealed up infection and predisposed to chronicity.
In reply to Surgeon Commander Dudley, he said that the initial symptoms of gonorrhoea had become milder within recent years. The type of onset was no indication as to the course the disease will follow the most resistant cases of severe sequele baving a mild onset. The rarity nowadays of severe types of complications was probably due to better treatment. The term " polar body " was employed so as to suggest that their composition is identical with that of the similar bodies in Bacillu8 diphtherims and their functions also identical. In reply to Surgeon Commander Shaw he said that isolation in hospital after the acute phases of the disease were only carried out in the Army owing to the impossibility of controlling infectious subacute cases. In the subacute and chronic stages, cases probably clear up quicker out of hospital.
Dose was 1 c.c.-the product of 1,000 million gonococci. Irrigation had probably no value except as lavage and drainage. Any fluid will do providing it was non-irritating.
Polyvalent vaccines were good but uncertain in their effects. Those that were good were probably manufactured from that 80 per cent. of strains that would be Babes body producers.
